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O (**) TlUe: GLAZING PANEL WITH A RADIATION-REFLECTIVE COATING LAYER 

(57) Abstract: A vehicle is provided with a glazing panel coated with a radiation-reflective coating layer and is adapted to have at 
least an antenna mounted behind the glazing panel. A window permeable to electromagnetic radiations is incorporated in the coating 
layer such that its size and design increse the transmission ratio between the antenna inside the vehicle and a base station outside the 
vehicle. 
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GLAZING PANEL WITH A RADIATION-REFLECTIVE COATING LAYER 



This invention relates to gazing panels and particularly but not 
exclusively to a vehicle windscreen having a radiation-reflective coating layer 
provided with a window permeable to electromagnetic radiations. 

Although the invention is described herein with particular reference to 
car windscreens it will be understood that it has applications to other vehicle glazing 
panels^ for example car rear windows and side vnndows, or train windows. 

Coating layers are well known to modify the optical properties of 
^ass, particularly to reduce the proportion of incident solar energy which is 
transmitted tiirough the glass whilst allowing passage of sufficient visible light to 
ensure good \dsibility. This can reduce overheating of the interior of the vehicle in 
summer and is commonly achieved by reflection of incident solar radiation in the 
infra-red portion of the spectrum. Infrared reflecting and otiier radiation-reflective 
coating layers may increase the selectivity of the gazing panel i.e. the ratio of the 
proportion of incident viable radiation transmitted through the gila^g to the 
proportion of incident solar energy transrrutted through the s^ing. Althou^ the 
invention is described herein with particular reference to infrared reflecting coatings, 
it will be understood that it is suitable for any radiation-reflective coating layer. 

Sensors, emitters or antermas arranged inside a car may rely on 
passage of electromagnetic waves through the windscreen. For example, passage of 
an electromagnetic data signal for automatic payment at the toll gates used on the 
motorways may pass through the windscreen. However, passage of such 
electromagnetic signals may be hindered by the presence of a radiation-reflective 
coating and, consequentiy, a window in the form of a gap or hole may be provided 
in a radiation-reflective coating layer specifically to allow the passage of 
electromagnetic radiations through that portion of the glaang. This principle is 
applicable to allowing passage of any electromagnetic wave through a gla^g panel, 
for example, between an anterma inside the veliide and a base station, outside the 
vehicle, whidi may be, for example, a cellular phone station, a satellite, a 
television/radio emitter, or a short range communication device, such as a toll 
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connection gate or another vehicle. The term window permeable to electromagnetic 
radiations as used herein refers to a portion of the surface area of a glazing adapted 
to permit electromagnetic transmission theretiirough. Typical electromagnetic wave 
firequencies are, for example, 88-108 MHz, 540-1650 kHz, 150-280 kHz for radio 
signals; 890-960 MHz, 1710-1880 MHz, 1900-2170 MHz, for mobile phone 
communications; 1575.42±10 MHz for GPS; and 5.8 GHz for Dedicated Short 
Range Commimications. 

A 'Hransmis^on ratio" may be evaluated between an antenna and a 
base station. It quantifies the ratio between the intensity received by the antenna 
imder test (AUT) and the intensity recdved by the same antenna placed behind a 
sitandard uncoated glazing panel, both intensifies being evaluated imder the same 
conditions. The standard uncoated glazing panel presents a laminated stmcture: 
gjass (2.1 mm) / PVB (0,76 mm) / glass (2.1 mm). Therefore ttie transmission ratio 
equals 0 dB if the AUT consists of the same antenna placed behind the standard 
uncoated gla^g panel. If the transmission ratio is evaluated in Eur, i.e. without any 
obstacle, it will be positive, because the signal is neither reflected nor absorbed by 
this standard glaring panel. However, if tfie AUT includes the antenna placed behind 
an equivalent glazing panel, but comprising a full coating (i.e. without window 
permeable to electromagnetic radiations), the transmission ratio will reach a strong 
negative level due to the reflection and absorption properties of the coated glazing. 

The transmission ratio is generally evaluated at 0% i.e. in a direction 
normal to the plane of the AUT and tiie plane of the base station antenna. For some 
applications, the transmis^on ratio may be evaluated at +35^ or -35% i.e. in 
directions forming an angle of 35'' on botii sides of direction 0"", when the AUT is 
rotated in its azimuthal plane vmder a constant elevation. 

The purpose of providing a coated gla^g panel with a window 
permeable to electromagnetic radiations has always been to reduce tiie decrease of 
the transmission ratio of the signal going througji the glazing panel, due to the 
radiation-reflective coating layer. However, we have surprisingly found that it is 
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possible not only to reduce the decrease of tiie transmission ratio but also to 
improve the transmission ratio, compared to the transmission through a windscreen 
without a coating layer and even, in some cases, to improve it compared to the 
transmission ratio in air. 

According to one aspect, the present invention provides a grazing 
panel as defined in daim 1. The increase of the transmission ratio as esqpressed in 
daim 1 is evaluated by comparison witii an uncoated g^aang panel presenting an 
equivalent structure, i.e., for example, same ttiickness of s^ass, same PVB thickness if 
the panel is laminated. 

This may be used to zdlow electromagnetic radiations to pass through 
a coated gladng panel without deorea^g tiie inten^ty of the mdiated signal 

In the particular case of a 5.8 GHz circularly polarised wave 
communication between a base station and an antenna inside a vehicle, for example 
at an electronic toll gate, the transmdssion ratio at 0"* between the base station and 
the antenna inside the vehicle may be improved by at least 2 dB, and preferably by 
at least 5 dB, and the transmission ratio at ±35"^ may stay at tiie same level or may 
be improved, compared to the transmission ratios tiirough a glazing panel without a 
coating layer. 

The radiation-reflective coating layer may be a sputtered deposited 
coating, for example haxdng the general structure antireflective dielectric layer / 
optional barrier layer / silver containing conductive layer / optional barrier layer / 
antireflective dielectric layer / optional barrier / silver contedning conductive layer / 
optional barrier layer / antireflective dielectric layer. Such coatings are used in 
automotive glazings to increase tiie selectivity of the glaidng (Le. the ratio of the 
proportion of visible light transmitted to the proportion of incident solar energy 
transmitted) to reduce the solar heating or greenhouse effect in the vehicle. 
Alternatively, the coating layer may have a single silver containing layer of the 
general structure antireflective dielectric layer / optional barrier layer / silver 
containing conductive layer / optional barrier layer / antireflective dielectric layer. A 
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furdier possibility is for the coating layer to comprise a pyrolytically deposited layer 
based, for example on doped tin oxide. 

The radiation-reflective coating layer may be sandwiched between two 
sheets of glass or it may be an exposed coating layer, for example on a monolithic 
g^a^g panel The coating layer may be deposited directly on a surface of the 
^saing or it may be carried on a film, for example a film of PET incorporated in the 
gladng. 

The antenna inside tiie vehicle is preferably positioned at a distance of 
at most fifom the grazing panel, where D is the largest dimension of the inside 

anterma and X the wavelength of the transmitted dedromagnetic wave between the 
base station and the in^de antenna, or the wavelength at which the antenna is 
adapted to work In this particular configuration, the glazing panel may act under the 
phy^cs law of tiie near-field zone of antermas, and the transmission ratio may be 
increased. 

Several configurations, shapes, designs and sizes of windows 
permeable to electromagnetic radiations may be suitable according to the present 
invention. 

Preferably, the window permeable to electromagnetic radiations is a 
portion of the windscreen that does not have the radiation-reflective coating layer or 
is a portion of the vtdndscreen wherein the coating layer is absent firom a pattern of 
dots. These dots form uncoated apertures in the coating layer. The window 
permeable to electromagnetic radiations may be entirely surrounded by the coating 
layer or may be bounded to the edge of the glasdng panel where no coating layer is 
present and thus be partially surroimded by the radiation-reflective coating layer. 

The glazing panel may comprise several windows permeable to 
electromagnetic radiations. This allows several antermas, sensors or emitters to be 
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placed behind tfie glazing panel, inside tfie vehicle. Furthennore, windscreens may 
be provided with at least two windows positioned symmetrically on both sides of an 
axis Yq which divides the glazing panel along its largest dimension in two equal 
parts, so as to be mounted indifferently on cars fitted for left-hand drive or right- 
hand drive. 

The window permeable to electromagnetic radiations may have a dze 
and shape such that at least a square of 1.064A, x 1.064X may be inscribed in it, or 
preferably, at least a square of 5.5 x 5.5 cm^ may be Inscribed in iL \ is tfie 
wavelength of the transmitted electromagnetic wave between the base station and 
the inside antennau 

Altemafively, the window permeable to electromagnetic radiations 
may be a substantially drcular zone having an area of at least 0.735A,2, or preferably, 
at least 19.5 cm^. It may be a disk with a diameter of at least 1.354X, or preferably, a 
disk with a diameter of at least 7 cm. 

Where the window permeable to electromagnetic radiations is a 
portion of the windscreen wherein the coating layer is absent from a pattern of dots, 
ttie dots may be arranged lineariy or in alternate rows. Preferably, the dots have 
substantially the same size. Such a pattern may be particularly favourable to the 
increase of the transmission ratio througfi the window. Indeed, it has been found 
that tiie pattern of dots may increase the directivity of the transmis^on by focusing 
the ^gnal, and may also increase the effidency of the transmission by improving tiie 
polarisation, the latter being particularly true when oon^dering circularly polarised 
waves. 

Advantageously the dots without coating layer have eadi a diameter 
of at least 0.116X. Pteferably, the dots without coating layer have each a diameter of 
at least 5 mm, or between 5 and 7 mm, or still preferably, 6 mm. 

TTie window permeable to electromagnetic radiations may comprise at 
least 50 dots witii no coating layer, and preferably at least 64 dots with no coating 
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layer. This may optimise the increase in the transmission ratio, so ttiat the 
transmission mtio may even be higgler than the transmission mtio in air, i.e. without 
glazing panel to pass through. With 64 dots, a maximum transmission ratio may be 
reached and there may be no further improvement if fiirttier dots are added. 

Many radiation-reflective coating layers have the intrin^c proper^ of 
being electrically beatable. The vehicle gkudng panel according to the present 
invention may indeed be heated to be de-misted or de-iced. It is desired tiiat tiie 
heating of the g^a^g panel be as uniform as possible, avoiding hot spots which may 
damage the coating layer, and avoiding low temperature zones where a de-idng or 
de-n^sting function may be delayed. The preferred particular pattern of dots wittiout 
coating layer in tiie window permeable to electromagnetic radiations allow tiie 
glazing panel to be heated substantially uniformly, but other shapes and deigns of 
windows are also suitable to obtain a homogeneous heating pattern. 

Embodiments of the invention will now be described, by way of 
examples only, with reference to figures 1 and 2. Hgure 1 shows a car windscreen 
and an enlargement of a portion around the window permeable to electromagnetic 
radiations. Bgure 2 shows other suitable patterns for the window permeable to 
electromagnetic radiations. 

Several trsuismission ratios have been measured and compared to the 
transmission ratio through a gladng panel without a coating layer, which served as 
the reference and to which we gave a value of 0 dB. Results are given in the table 
below. The electrome^etic waves analysed in this example were all dedicated short 
range communications at 5.8 GHz as can be found at electronic toll gates on 
motorways. These are drcularly polarised waves. The distance between the antenna 
inside the vehicle and tiie gazing panel was in all cases 18 mm, and the largest 
dimension of tiie anterma inside the vehicle was approximately 30 mm. 

When analysing transmissions at 0^, it shows that when the signal 
passes through a coated glazing with a window permeable to electromagnetic 
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radiations which is a disk of 50 mm diameter \Aathout coating layer or a rectangle of 
120 X 70 mm^ without coating layer, the transmission ratio is increased by 2 dB, 
compared to a signal passing through a grazing without coating layer. Similariy, the 
transmission is increased by 5 dB, when the signal does not pass through a glaring 
panel, i.e. in the air. Finally, the transmission ratio is increased by 7 dB when the 
^gnal passes through a window permeable to electromagnetic radiations which is a 
square of 6 x 6 cm^ comprising 64 dots without coating layer of 6 mm diameter 
each. In this particular embodiment, the transmisdon ratio is thus better than in the 
edr. As counterexample, the transmission ratio is decreased by 6 dB when the signal 
passes tiirough a udndow permeable to electromagnetic radiations which is a square 
of 6 X 6 cm^ compri^ng 64 crosses witiiout coating layer of 6 mm long and 1 mm 
broad. The case of a windscreen vwtti a coating layer which does not comprise a 
window permeable to electromagnetic radiations is also mentioned in the table: the 
transmission ratio is in that case decreased by 20 to 40 dB, compared to a 
windscreen without coating layer. 

When analysing transmissions at ±35*", the reference selected is also a 
glaring panel without coating layer. When tiie signal passes through a window 
permeable to electromagnetic radiations which is a square of 6 x 6 cm^ comprising 
64 dots without coating layer of 6 mm diameter each, the transmission ratio is at the 
same level than the reference: it is neither decreased nor increased. Like in ttie 
transmission at 0^, the transmission at ±35"' is increased by 5 dB, when the signal 
does not pass through a glaring panel, Le. in the £dr. When the ^gnal passes through 
a coated glaring with a Mdndow permeable to electromagnetic radiations which is a 
redan^ of 120 x 70 mm^ vintiiout coating layer, the transmission ratio is increased 
byldB. 



wo 2004/038855 ^jj^ ^fc:T/EP2003/050744 



8 





Transnussion at 0° 


Transmission at ±35** 


Pattern of dots witfiout coating layer 


+7dB 


OdB 


No windscreen (edr) 


+5dB 


+5dB 


120 X 70 nun? rectangle wiBiout coaling layer 


+2dB 


+ldB 


50 mm disic without coating lEQ^er 


+2dB 




REFERENCE: 
Windsc:reen wlilioitt coating layer 


OdB 


OdB 


Pattern of crosses wtlioiit coating layer 


-6dB 




Windscreen wifii IR reflecting coating layer 


-20 to -40 dB 





Hgure 1 shows a car umdscreen 1 having a radiation-reflective 
coating layer 2 and a window permeable to electromagnetic radiations 3. The 
window permeable to electromagnetic radiations is a square of 6 x 6 cm^ comprising 
64 dots without coating layer 4. Eadi dot has a diameter of 6 mm and is separated 
from the neighbouring dots by a distance of 1 mm. 

Bgure 2 shows otiier suitable patterns for the window permeable to 
electromagnetic mdiations. Bgute 2a shows a circular window of 7 cm in diameter 
comprising 76 dots of 6 mm in diameter, arranged in alternate rows. Figure 2b 
shows a drcular window of 7 cm in diameter comprising 76 dots of 6 mm in 
diameter, arranged linearly. 
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CLAIMS 

I 

1. A vehide glaidng panel compri^g a radiation-refledive coating layer and at 
least a window in tfie coating layer, permeable to electromagnetic radiations, 
adapted to have at least an inside antenna mounted behind it, characterised 
in that the size and design of the window permeable to electromagnetic 
radiations increase the transmission ratio at 0"" between said inside antenna 
and a base station outside the vehicle. 

2. A vehide grazing panel in accordance with dEdm 1, characterised in that, 
when considering a drcularly polarised eledrome^ettc wave of 5.8 GHz, the 
size and design of the window permeable to electromagnetic radiations 
increase the transmission ratio at O*' between the inside antenna and the base 
station by at least 2 dB. 

3. A veliide glazing panel in accordance with daim 2, characterised in tiiat the 
she and design of the window permeable to electromagnetic radiations 
increase the transmission ratio at O'' by at least 5 dB. 

4. A vehide glazing panel in accordance with daim 2 or cledm 3, characterised 
in tiiat, when considering a drcularly polarised electromagnetic wave of 5.8 
GHz, the ^ze and de^gn of tiie ^Anndow permeable to electromagnetic 
radiations do not decrease the transmission ratio at +35® or ^5® between 
the indde antenna and ttie base station. 

5. A vehicle grazing panel in accordance with any preceding daim, characterised 
in that tiie distance between tfie portion at which the inside antenna is 

adapted to be mounted and the gjazing panel is at most — — , where D is the 

laigest dimen^on of the inside antenna and X the wavelength to which the 
antenna is devoted. 
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6. A vehicle glazing panel in accordance witti any preceding claim, characterised 
in that the window permeable to electromagnetic radiations has a size such 
that at least a square of 1.064A. x 1.064X may be inscribed in it. 

7. A vehicle glazing panel in accordance udtti any preceding daim, characterised 
in ttiat the window has a size such lhat at least a square of 5.5 x 5.5 cm^ may 
be inscribed in it 

8. A vehide gladng panel in accordance witii any of daims 1 to 5, characterised 
in tiiat the window permeable to electromagnetic radiations is a substantially 
drcular zone having an area of at least 0.735X^. 

9. A vehide glaang panel in accordance widi daim 8, characterised in that tiie 
window permeable to electromagnetic radiations is a substantially circular 
zone having an area of at least 19.5 cm^. 

10. A vehide glazing panel in accordance with claim 9, characterised in that the 
window permeable to electromagnetic radiations is a disk with a diameter of 
at least 7 cm. 

11. A vehide glazing panel in accordance with einy of daims 1 to 10, 
characterised in that tiie window permeable to electromagnetic radiations is a 
zone wherein no coating layer is present. 

12. A vehide ^azmg panel in accordance with any of claims 1 to 10, 
characterised in that the window permeable to electromagnetic radiations is a 
zone wherein the coating layer is absent from a pattern of dots, arranged 
linearly or in alternate rows. 

13. A vehide gla2dng panel in accordance with daim 12, characterised in that tiie 
dots uothout coating layer have each a diameter of at least 0.1 16X.. 
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14. A vehicle g^a^g panel in accordance with claim 12 or daim 13, 
characterised in that the dots without coating layer have eadi a diameter of 
at least 5 mm. 

15. A vehicle glazing panel in accordance with any of claims 12 to 14, 
characterised in that the dots without coating layer have each a diameter 
between 5 and 7 mm. 

16. A vehicle glazing panel in accordance witii any of claims 12 to 15, 
characterised in that the udndow permeable to electromagnetic radiations 
comprises at least 50 dots with no coating layer. 

17. A vehicle glaang panel in accordance vnfh daim 16, characterised in that the 
window permeable to electromagnetic radiations comprises at least 64 dots 
udth no coating layer. 

18. A vehide glazing panel in accordance with any preceding daim, which is 
electrically beatable. 



wo 2004/038855 



« ^10/531977 

# B^'d mmmU^p^ 2005 



1/2 




BEST AVAILABLE COPY 



wo 2004/038855 ^^CT/EP2003/050744 



2/2 



Fig. 2a Fig. 2b 
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